Introduction
In Al-Si cast alloys one of the most pervasive and important impurity elements is Fe, stemming from the impurities in bauxite ores and the contamination of ferrous metals such as melting tools. 1) Since Fe has a very low solid solubility in Al (max. 0.05%), almost all Fe in Al alloys is present in the form of second phases, usually Al-Fe or Al-FeSi intermetallics. 2) In the Al-Si-Fe system there are five main Fe-rich phases: Al 3 Fe, -Al 8 Fe 2 Si (possibly -Al 12 Fe 3 Si 2 ), -Al 5 FeSi, -Al 4 FeSi 2 and -Al 3 FeSi. 2, 3) The -Al 4 FeSi 2 phase is often present in high-Si Al alloys. The -Al 3 FeSi phase occurs in high-Fe and high-Si alloys. The equilibrium hexagonal form of -Al 8 Fe 2 Si is only thermodynamically stable in high purity Al-Si-Fe alloys. Additions of Mn, Cr, Cu, V, Mo and W promote a body-centred cubic structure for -Fe phase. [4] [5] [6] For instance, when Mn is added, as the proportion of Mn to Fe increases, the precipitation of -Fe phase may take a series of forms from hexagonal -Al 8 Fe 2 Si to body centred cubic -Al 15 (FeMn) 3 Si 2 and finally to simple cubic -Al 15 Mn 3 Si 2 .
5)
For the more usual Al-Si-Mg cast alloys of modest Mn contents, the -Fe phase often has an appearance of Chinese script in section, being irregular or convoluted. With a Mn/ Fe ratio of 0.5, its structure is body centred cubic with lattice parameter of 1.260 nm. 7) If Fe and Mn are sufficiently high, primary -Al 15 (FeMn) 3 Si 2 phase (here referred to as primary -Fe phase) may appear as hexagonal, star-like, or dendritic crystals. 8, 9) These primary crystals have been thought not to embrittle the alloy, but appreciably reduce the machinability.
3) Since many commercial Al alloys contain Mn, either as an impurity or as an intentional addition it is to be expected that the cubic -Al 15 (FeMn) 3 Si 2 phase will be formed rather than the hexagonal -Al 8 Fe 2 Si. In Fe-free alloysAl 15 Mn 3 Si 2 can be formed. 3, 5) In addition, Fe and Mg may result in the appearance of -Al 8 FeMg 3 Si 6 phase. In normal compositions of cast hypoeutectic and eutectic Al-Si alloys containing Fe, Mn and Mg, the three main Fe-rich phases are -Al 15 (FeMn) 3 Si 2 (-Fe), -Al 5 FeSi (-Fe) andAl 8 FeMg 3 Si 6 (-Fe). 10) Although there is good agreement about the effect of Fe on the microstructure of the Al-Si cast alloys, there are inconsistencies in the reports of investigations into the influence of Fe on the mechanical properties of the castings. 1, 11) Fe has usually been thought to be detrimental because the Fe-rich intermetallic compounds are generally thought to be brittle. They are assumed to act as stress raisers and are points of weak coherence, causing reduction in mechanical properties, particularly reducing the ductility of cast alloys. The reduction of mechanical properties depends on their amount, size and type. Among the three main types of Fe-rich phases in Al-Si cast alloys, -Fe only dissolves limited amounts of other elements like Mn and Cu. It usually appears as highly faceted platelets (appearing as needles in 2-D sections), extended even up to several millimetres long. The -Fe phase, therefore, has been identified as the Fe phase that causes the most serious loss of strength and ductility in Al-Si alloy castings. 10, 12) Efforts are made to keep the Fe contents in Al alloys as low as possible, within the constraints of economy, particularly for sand castings and aerospace cast alloys. Clearly, the strict requirement for low levels of Fe in Al cast alloys significantly increases costs. However, specifications normally permit considerably more Fe to be present in permanent mould and pressure die-cast alloys compared to sand-cast alloys. This is because the cooling rate is faster in metal dies, so the sizes of microstructural constituents are finer. The higher Fe content also helps to prevent the molten alloys from ''soldering'' to the dies, 13) thus Fe contents may be tolerated even up to 3%, even though levels much above 2% are relatively infrequent. 3) When Fe is present in excess of specified levels, various methods have been advocated to reduce its harmful influence. 1, 11) These methods can be categorised into three types. The conventional method is to add some chemical ''correctors'' to change the morphology from platelet -Al 5 FeSi (brittle form) to globular or script forms (less brittle forms). The globular or script Fe-rich phases have been thought not to lead to brittleness. 14) Alternative methods involve various thermal treatments, including melt superheating, rapid solidification and solution heat treatment of castings. 15) The most direct method is the reduction or removal of Fe from Al melts, mainly by precipitation and sedimentation processing, i.e. the heat treatment of the liquid metal. [16] [17] [18] [19] To convert -Fe platelets into -Fe script form, Co, Cr, Mn, Mo and Ni are sometimes added. 3, 4) Their addition has also been reported to improve strength at high temperature. The best Fe corrector is claimed to be Co, because it does not combine with Si and the amount of formed extraneous crystals is therefore more limited. Mn, however, has been widely used because, in addition to its significantly lower cost and better availability, -Al 5 FeSi tends to be suppressed and -Al 15 (FeMn) 3 Si 2 is formed in its place. 3, 14) Although the addition of Mn to Al-Si alloys has been widely researched and documented, the amount of Mn needed to neutralize Fe has not been well established. 1, 11) Generally, it is desirable to have Mn present in an amount equal to one half of the weight percentage of Fe for the transformation of -Al 5 FeSi toAl 15 (FeMn) 3 Si 2 .
1,11) Mascre 20) arrived at a rather different ''neutralization'' formula for sand and permanent mould castings: Mn ¼ 2 (Fe-0.5). The Chinese script -Fe phase, however, was still observed at a ratio of Mn to Fe as low as 0.17.
21) The addition of Mn is not always successful for the transformation of Fe phases from platelet to script type for two reasons (i) Mn results in the formation of primary -Fe phase, usually called ''sludge'', and (ii) the formation and growth of Fe-rich intermetallics are greatly affected by solidification conditions, particularly solidification rate. 22) Therefore, Mn content is often limited to prevent the formation of primary crystals, and thus only partially ''correcting'' the Fe. 3) In addition, it has also been reported that the deleterious effects of Fe could be overcome by Sr modification.
12) The formation of large, apparently brittle Fe intermetallics was observed to be suppressed in wellmodified alloys. 23) Melt superheating was reported to be another method to convert -Fe to -Fe.
3) As superheating temperature increased (up to 773 K above the melting point of Al alloys), Fe-rich intermetallic particles became finer. The Chinese script morphology (-Fe) was produced instead of the platelet morphology (-Fe) by melt temperature higher than 1073 K.
1) The transformation from -Fe to -Fe phase was further confirmed by Awano and Shimiza. 24) Narayanan et al. 25) investigated the crystallisation behaviour of Fe-containing intermetallic compounds in industrial grade A319 alloys. In the absence of Mn, Fe crystallised as -Fe phase, at the cooling rates from 0.1 to 20 K/s at normal casting temperature (1023 K). When the melt was superheated to high temperatures (approximately 473 to 573 K above the liquidus temperature of the alloy), Fe compounds crystallised as -Fe at high cooling rates. It was thought that -alumina, which forms at low melt temperatures ( 1023 K), might act as the nucleus for the crystallisation of -Fe. When the melt was superheated to high temperature (! 1123 K), -alumina transformed to -alumina. This is a poor nucleus for -Fe crystallisation, and as a result, -Fe phase formed. 25) Bian et al. 26) reported that platelet -Fe can be transformed into spheroids when superheated and poured into permanent moulds, which gave increased tensile strength and elongation. However, high superheating temperatures in Al alloys are not attractive because of energy costs, and furnace wear, and are in any case undesirable because of other problems such as gas pick-up, and high oxidation loss.
15)
The refinement and fragmentation of -Fe platelets can be realized by rapid solidification. In addition to the well-known decrease in dendrite arm spacing (DAS), a rapid cooling rate also reduces the size of Fe-rich intermetallics. 23) A strong linear relationship was obtained between DAS and the average -Fe platelet length, suggesting the use of DAS as a reliable indicator of the average -Fe lengths for a given Fe level. 27, 28) High cooling rate also hinders the precipitation of -Fe and retains Fe in solid solution. 29) Solution heat treatment of castings was reported to convert -Al 8 FeMg 3 Si 6 into -Al 5 FeSi. 30) Both -Al 5 FeSi andAl 8 FeMg 3 Si 6 were thought to be detrimental to mechanical properties. In particular, -Al 8 FeMg 3 Si 6 phase has a negative impact on the ductile properties of Al-Si-Mg alloys. After heat treatment the -Al 5 FeSi phase is the sole or predominant Fe-containing intermetallic. The reduction in -Al 8 FeMg 3 Si 6 phase and the formation of fine -Al 5 FeSi phase were claimed to result in an improved ductility. 30) Further, the reduction in -Al 8 FeMg 3 Si 6 phase meant that there were higher levels of Mg in solution, which was favourable for ageing hardening to improve the strength of the cast alloys.
Recently significant progress has been made in the understanding of the Fe-rich intermetallic compounds in Al-Si cast alloys, especially relating to their nucleation and growth on the outside wetted surfaces of doubled-over oxide films. [31] [32] [33] This discovery and the concept of the folding-in of the surface oxide films during melting, delivering, transferring and pouring of Al melts to create a dense distribution of internal oxide defects, have allowed the Fe-rich phase metallurgy to be re-examined. This paper has investigated some important characteristics of -Al 5 FeSi phase found recently, mainly working with the eutectic Al-11.5Si-0.4Mg cast alloy.
Experimental Techniques
The material used in this research was a commercial UK Al-Si cast alloy LM9. The specified and actual composition of the experimental alloy is shown in Table 1 (All alloy compositions are given in wt.% unless noted otherwise.). The experimental material was prepared from Al-30%Si, Al4%Fe and Al-10%Mn hardener alloys, 99.8%Mg and 99.89%Al. The Al-4%Fe master alloy was melted from 99.88%Fe and 99.89% Al, and the Al-30%Si from 98.7%Si and 99.89%Al. The Al-10%Mn and Al-10%Sr were commercial master alloys.
Prior to melting, a clay-graphite crucible of capacity 3 kg was preheated in a muffle furnace at 723 K (842 F) overnight. A mass of 3 kg of the experimental alloy was charged to the preheated crucible, melted in a medium frequency induction furnace, heated to 1033 K (1400 F) and held for 20 min at this temperature to dissolve the charge fully. For Alloys 3 and 5 the melts were superheated and held at 1173 K for 30 min before being cooled to 1033 K. The crucible was then lifted together with its molten charge from the induction coil and the liquid metal was poured into a stainless steel mould. Discshaped samples for chemical analysis were poured in a metal die from the remainder of the liquid metal.
The mould, with an inner diameter of approximately 20 mm, outside diameter of 25.4 mm and length of 210 mm, was made from 316 stainless steel tube, and was coated internally with a wash of boron nitride. It was then naturally dried for a few days at room temperature, baked at 473 K (392 F), and finally preheated at 1073 K (1472 F) for at least 30 min immediately prior to pouring to reduce hydrogen pickup by the melt. The melt at 1033 K (1400 F) was poured into the mould at 1073 K, and the mould then quickly transferred into a close-fitting massive copper die (made from 99.99%Cu). The copper die had been held at 873 K (1112 F) in a resistance-heated holding furnace. The quick transfer was needed to quench the liquid to 873 K and avoid any solidification of the melt in the stainless steel mould prior to precipitation and sedimentation processing. The copper surround to the stainless steel mould also reduced temperature variations in the melt, and so reduced any driving force for convection. Figure 1 shows a cross section of the mould and copper surround in the holding furnace. The liquid metal was held at 873 K in its convection-free environment for 4 hours to precipitate and sediment primary -Fe particles and oxide films. During the precipitation and sedimentation, a Ktype thermocouple was inserted into the liquid metal at a depth of around 15 mm from the top of the melt to monitor the temperature of the melt. Another three K-type thermocouples were also inserted into the copper die near the top, middle and bottom of the stainless steel mould to monitor temperature differences during holding. Typical temperatures were 878 (1121), 876 (1117), 875 K (1116 F), respectively.
After the completion of precipitation and sedimentation for 4 hours, the power supply of the resistance-heated holding furnace was switched off. The liquid metal then slowly cooled from 873 K to room temperature. No transfer or other actions such as quenching were taken to avoid any possible mechanical disturbance of the precipitates. The cooling and solidification of the precipitated melts in the metal mould was monitored and recorded by the thermocouple at the top of the melt. Cooling rate was calculated from the start point (the nucleation of Al dendrites) to the end point of solidification. 15, 21, 33) In the experimental work the average cooling rate is approximately 0.02 K/s.
Cast samples were polished to 1 mm diamond. Polishing was completed using magnesia powder to produce a mirrorlike finish, etched in 0.8% HF solution and examined by optical and scanning electron microscope (SEM).
Results
The lower part of the casting containing the settled primary -Fe particles was referred to as the sediment-rich part, while the top region of the casting was referred to as the sedimentfree part. Table 2 lists the variations of Fe and Mn contents in the precipitate-free parts of castings after the precipitation and sedimentation of primary -Fe particles. The primaryFe particles in the castings appear to have fully settled to the bottom of the mould in the convection-free conditions. taken at the base of the casting. Figure 8 showed curved or cracked -Fe phase taken at 50 or 30 mm from the base of alloy 4 casting. Figure 9 showed curved -Fe phase taken at 70 mm from the base of alloy 5 casting. (Figs. 4, 8(c) ). It is interesting to find in the work that most -Fe platelets are observed to be associated with very straight central or edge axial cracks, which, although apparently commonly observed in the work, has been seldom reported. Cracks were also commonly observed in Si (Fig. 4) , -Fe, -Fe and Al matrix phases. 15, 31, 32) The cracks have generally been supposed to originate during solidification and the subsequent cooling, or to result from the mechanical damage during sample preparation. They are conventionally attributed to the brittleness and weakness of the intermetallic compounds. It is probable to be true that the intermetallics are brittle because the necessarily large Burgers vector and corresponding large Peierls force are likely to result in the deformation by cracking rather than by plastic deformation. 34) However, even if lacking ductility the intermetallic phases are expected to be strong, being the reason for the focus of engineering interests in intermetallics as the basis for new high temperature and high strength alloys.
The natural strength of the -Fe platelet and resistance to fracture have been further supported by the metallurgical observations in this work. As shown in Fig. 4 , some transverse cracks appear only on the half side of the -Fe platelet, and do not penetrate its whole thickness. The crack through the length of the Si particle appeared to have been arrested at the -Fe phase (Fig. 4) . In addition, some -Fe platelets are curved and many of these are free from transverse cracks (Figs. 7(b)-(c), 8, 9 ). These observations seem to suggest that the -Fe platelets are strong, and to some extent, resistant to cracking. Moreover, the assumption of brittleness is difficult to reconcile to the occurrences of a bundle of axis cracks in -Fe platelets as shown in Fig. 4 . Therefore, it seems unlikely that the cracks are the result of cooling strains or external stresses that have fractured the particles. It is proposed in this work that the cracks are actually doubled-over oxide films (bifilms) originally present in the liquid state. The logic behind this proposal is presented below.
Oxide films as the origin of the fractured appearance
Oxide films in the liquid metal are necessarily always double, and have two sides: the dry, unbonded inner surfaces, and their wetted exterior surfaces. A crack, therefore, is automatically included in the structure as the original unbonded fold between the dry sides of a surface oxide film, folded into the melt by the action of surface turbulence during melting, transferring and pouring. 35) If the intermetallic compounds precipitate onto doubled-over oxide films, they can, of course, only precipitate onto the wetted outer surfaces of the double-over films. 8) There will be good atomic contact between the wetted side of the film and the liquid from which the intermetallic compounds have grown, and therefore, of course, good atomic contact with the intermetallics. All this leads to the expectation that the bonding of the outside surfaces of the folded films with both the matrix and/or the intermetallics will be strong. However, the gap between two dry sides of the doubled films is expected to constitute the observed cracks either in the intermetallics or in the matrix because of the expected complete lack of bonding. 31) These observations already clearly show how the double oxide film defect constitutes cracks in Fe-rich particles and Al matrix, where it appears that no bond has developed across the oxideoxide interface. Thus the cracks observed travelling through such intermetallic particles, or separating the particle/matrix interfaces, appear actually to be formed by the non-bonded oxide interlayers. The thickness of the films may be anywhere between some tens of nanometres and micrometres, but the width of the air gap between them, constituting the crack in the -Fe platelets, is usually up to several microns as indicated in the work. The nucleation of -Fe phase on -alumna particles was metallurgically observed in 319 alloy by Narayanan et al. 25) In addition, this mechanism has also been well supported by the evidence of primary -Fe phase grown on a young spinel oxide film. 8, 31) Figures 10(a)-(b) shows SEM secondary electron images of a doubled-over oxide film taken from two opposite tensile fractured surfaces of one Al-11.5Si-0.4Mg-0.57Fe-0.59Mn-0.17Ti sand casting. It is found that primary -Fe phase was nucleated onto the outside, wetted face of the extensive doubled-over young spinel oxide film, corresponding to the underside of the film in the field of view (Figs. 10(c)-(d) ). They can only be seen through the dry side of the thin young film. The primary -Fe particle is small because of the short period of time available for its growth during casting. Compared with the secondary electron image, the back-scattered electron image displays the Fe-rich phase, seen through the nearly transparent thin oxide film. It needs to be emphasised that primary -Fe particles were clearly observed on the undersides of the two half films 8, 31) providing the first direct evidence that primary -Fe particles nucleate and grow on the wetted outer sides of the doubled oxide films. It is known that spinel (Al 2 MgO 4 ) is amorphous when first formed, but later converts to a crystalline form. 8, 18) Although it is unclear from the observations whether the film was amorphous or crystalline, it seems likely that transformation to a crystalline form has been completed. It is well understood that a crystal can nucleate on a crystallized substrate, whereas nucleation on an amorphous substrate seems less probable. In the absence of surface energy data for oxides and Fe-rich phases, it is difficult to assess the tendency of this nucleation from the point of the view of energy. TheFe has a monoclinic structure with lattice parameters a and b of 0.611 nm, and c of 4.14 nm, 32) quite different from bodiedcentre cubic structure -Fe with lattice parameters of 1.25-1.27 nm 6) so it is not easy to reach a conclusion regarding the favourability of lattice matching. Any theoretical attempts to assess the possibility of the lattice match or disregistry between -Fe and different oxides may introduce multiple uncertainties due to the complexity of their structures. Even so, the ease of nucleation of -Fe phase onto oxide films is analogous to the ease of nucleation of the -Fe phase onto oxides, where it is known that the lattice matching between -Fe phase and oxides is good, 32) so that nucleation of -Fe seems likely to be favoured for similar reasons. In the future, therefore, it is expected that similar evidence as shown in Fig. 10 for the nucleation of -Fe on oxide film will probably be obtained for -Fe platelets through the analysis of fracture surface.
With regard to practical attempts to find the mutual orientations of the oxides and -Fe phase, in principle, this could be achieved by a Laue back reflection X-ray diffraction technique in which white X-rays are beamed onto a -Fe crystal that sits on an oxide substrate, all opened up on a fracture surface. Such a proposed method will almost certainly face to great technical challenges because both the oxides and their -Fe precipitates created so far are very small, and extremely thin. Thus any reflections will be weak, perhaps too weak to be recorded on a photographic film in any reasonable exposure time. Thus the special growth of thick -Fe precipitates on oxide substrates grown to be especially thick may help. Even so, ultimately, it may not be possible to carry out such a study because of its great technical difficulty.
However, not all -Al 5 FeSi particles were found to have cracks, particularly longitudinal cracks. This might be result from (i) accidents of sectioning in which the plane of the section does not intersect the crack; (ii) contamination during sample preparation; In practice the bifilm cracks are contaminated or filled with polishing debris (particularly the colloidal silica-based polishing media used) during the preparation of the metallurgical samples. 15, 36) The final polishing with fine magnesia powder is highly recommended for this purpose; (iii) cracks are not visible because they are extremely narrow. Cracks will become visible if the bifilm opens sufficiently because of shrinkage or the precipitation of gas. 18) If neither happens, the cracks are probably still present, but remain tightly closed (but still unbonded) and so invisible; and (iv) the closing of oxide cracks under compressive stresses (often present near the surface of castings) during solidification.
Some propositions need, of course, to be further confirmed in the future. Nevertheless, it is shown that the concepts appear to be useful in helping to answer a number of previously intractable questions. The morphology of oxide films will probably have some influence on the cracks in -Fe platelets. As a result of surface and bulk turbulence, and advection, the double-over films are first compacted and crumpled in the liquid.
35) The different forms of oxide films, repeatedly folding back on themselves, possibly contain entrained air bubbles of irregular shape. When the precipitation of gas or shrinkage occurs, the oxide films may be unfurled. Thus oxide films have various shapes in castings such as compacted (convoluted, or furled), fully straightened (unfurled), or fully opened (inflated) as well as other intermediate irregular forms, which seems to explain the occurrence of various types of cracks. These include the bundle of longitudinal cracks, cross cracks, randomly distributed cracks, cracks terminated at the interior of the Ferich phase, and ''split'' -Fe platelets as commonly observed in the work.
Decoherence and porosity
It has in the past been assumed that the -Al 5 FeSi particles blocked the flow of feeding liquid along interdendritic channels and so caused shrinkage porosity. However, this seems most unlikely, in view of 3-D access routes for feeding liquid through the dendrite mesh, and in view of the strong probability that pores probably cannot be formed without bifilms. 35) It is proposed that in some cases the nucleation and growth of -Fe phase on only one side of a folded film will create the appearance of a particle with one side that has suffered ''decoherence'' from the matrix as shown partly in Figs. 3 and 6(b). In extreme conditions, the full precipitation of gas into the ''decohered'' gap leads to the formation of gas porosity. Alternatively, shrinkage stresses may cause the decoherence event to form a shrinkage pore, explaining the association of the -Al 5 FeSi phase with pores, a commonly observed phenomenon in cast Al alloys as shown in Figs. 5 and 6(b).
For clarity, re-stating the proposed phenomenon in a different way, their share of the same oxide substrates naturally causes one half of the bifilm to be rigidly supported by the precipitated -Fe particle (or other second phase). At the same time, external shrinkage forces or internal gas pressure operates on the other flimsy and unsupported half of the bifilm, pulling or pushing it away, respectively, opening a void or pore that is seen to be only on one side of theAl 5 FeSi phase as is seen in Figs. 5 and 6(b) . It is worth reemphasising that the dry side of the bifilms is favourable to initiate gas or shrinkage porosity while the wetted side is favourable to nucleate Fe-rich phases.
Unfurled or curved -Fe platelets
Although oxide cracks usually are randomly distributed in Fe-rich intermetallics and matrix, 8, 31) the axial cracks inAl 5 FeSi platelets tend to be quite straight and precisely aligned along the length of -Al 5 FeSi platelets indicating that the oxide films tend to be straightened with the progressive growth of -Al 5 FeSi phase. When first deposited on the outer, wetted interfaces of the bifilms, the -Al 5 FeSi phase is initially sufficiently thin that its crystalline structure can faithfully follow without difficulty the irregular shape provided by the undulations and folds of the bifilm. However, as the -Al 5 FeSi particles thicken, but remaining of course well bonded to the film (clearly evident because the Fe phase has selected to nucleate and grow on it), the particle becomes increasing rigid, taking on its preferred crystalline form, and so forces the film to straighten. The faithful reproduction of the irregular surface undulations or folds of the bifilm at the early stage of growth prior to the development of significant rigidity for the precipitates are well evidenced in Figs. 10(c)-(d) for the -Fe phase and in Fig. 3 for the -Fe phase (a slightly tortuous crack). However, the thickening of the crystal with its monoclinic lattice dictates the straightening of the substrate to which it has grown attached. Thus the bifilm is opened out with crystallographic precision, resulting in polished sections where -Fe appears as needles separated by a central crack aligned along the centre of the -Fe particle, or along the matrix/particle interface if the -Fe happened to nucleate only on one side of the bifilm. The straightening of the bifilm from relatively harmless features into extensive planar cracks by the growth of -Fe also appears to degrade the mechanical properties, particularly the ductility of the alloys.
Occasional curved -Fe platelets as shown in Figs. 7(b) -(c), 8 and 9 were also observed, in confirmation of previous reports. 15, 22, 35) These are probably the result of the accidental mechanical hindrance to the straightening action. The forces to prevent the platelets from straightening in this way, sprung as in a bow, are expected to be rather high. Interestingly, these forces, if present, do not appear to lead to the fracture of the particle, again indicating its strength and natural resistance to fracture, thus indicating that the observed cracks are not, in general, the result of brittle failure.
In summary, the brittleness normally attributed toAl 5 FeSi platelets may be the result of the presence of double oxide films, and thus more apparent than real though some transverse cracks might be caused by the true brittleness. It is not clear whether the -Al 5 FeSi phase can form at all in the absence of oxides. In the absence of oxide films the Fe will probably remain in supersaturated solution in the Al matrix, and provide useful strengthening of the alloys. For the future, therefore, one may speculate that if oxides could be eliminated from Al alloy melts, it may be possible to create alloys with unusually high toughness, despite high Fe contents. Presently, the different requirement for Fe levels in Al cast alloys is rather paradoxical. For most Al cast alloys, particularly sand-cast and aerospace cast components, low levels of Fe have been their targets, significantly increasing the costs while pressure die-castings and permanent mould castings normally permit much higher levels.
3) If higher contents of Fe were allowed in sand cast Al alloys, the costs would probably decrease greatly. This work indicates that the role of Fe in Al alloys may need to be rethought. occurs only on one side of a folded film. In such cases the other side may create the appearance of a particle with that side appearing to have suffered 'decoherence' from the matrix. The 'decoherence' can grow into micro-or even into macro-porosity. (5) The nucleation and growth of -Fe phase on the oxide film causes its straightening. Curved platelets are thought to be the consequence of the accidental mechanical hindrance to the straightening action.
Conclusions

